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Summary

A half century ago, the United States initiated
a massive effort, cloaked in secrecy, that
produced the most powerful nuclear arsenal

in the world. Fifty years later, much of the produc-
tion capacity is no longer needed, but a legacy
remains in the form of vast quantities of nuclear and
other types of hazardous waste. As the demands for
production of nuclear weapons decrease, the Depart-
ment of Energy (DOE), which now manages both
the production of nuclear weapons and the cleanup
effort, will increasingly turn its attention to the
problem of cleaning up its complex.

DOE's Cleanup Program

The nuclear complex of the Department of Energy
consists of 15 major facilities or installations spread
over 12 states. Today that complex holds in storage
over 100 million gallons of highly radioactive
waste, 66 million gallons of waste contaminated
with plutonium, and even larger volumes of waste
with lower levels of radioactivity. In addition,
radioactive and other hazardous substances have
contaminated soil and groundwater at DOE's instal-
lations. Although some of DOE's environmental
problems involve conventional contaminants that are
common to many cleanup tasks, the vast majority of
its pollutants contain some level of radioactivity and
so pose challenges unique to DOE. The department
has committed itself to meeting all applicable legal
requirements by the year 2019.

In 1989, DOE created the Office of Environ-
mental Restoration and Waste Management (EM),

which has primary responsibility for cleanup activi-
ties. Since its inception, the office has experienced
rapid budget increases. Its budget has risen from
$1.6 billion in 1989 to more than $6 billion in
1994, exceeding the funding for the production and
maintenance of nuclear weapons for that year.
Funding devoted to the cleanup program is pro-
jected to continue to increase, rising to more than
$7 billion by 2000, based on the Administration's
out-year targets.

How much the cleanup program will ultimately
cost taxpayers is unknown. In 1988, DOE esti-
mated that the cost would be between $66 billion
and $110 billion, but estimates keep rising. In
1993, DOE officials suggested the cost could range
from $400 billion to $1 trillion. But no one can
make an estimate with any degree of confidence
until the Congress and regulators clarify the ultimate
goals of the program, which include reducing health
and safety risks to humans and mitigating damage
to the environment. The goals may also include
restoring sites to make them available for other
uses-industrial, commercial, residential, or recre-
ational. Setting goals and priorities will help deter-
mine the specific steps DOE must take to achieve
them, which will permit more accurate cost esti-
mates. In turn, such estimates can help set priorities
among the various cleanup options.

Factors Contributing to the Growth
of the Cleanup Program

Several factors have contributed to the rapid growth
of the EM program. As the need to produce nuclear
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weapons has decreased, responsibility for some
DOE facilities and programs for managing associ-
ated waste have been transferred from the produc-
tion program to the EM program. Another factor is
the increasing number of regulations that govern
how DOE operates. Until the 1980s, DOE main-
tained that the Atomic Energy Act, which it admin-
istered, took precedence over other environmental
and safety laws and regulations. Now, however, the
department concedes that it must accommodate
many legal constraints established outside DOE. It
must comply with national laws governing environ-
mental impact statements and cleanup plans, and it
is also subject to state environmental laws and re-
lated requirements. Finally, many specific require-
ments are set forth in agreements between DOE, the
Environmental Protection Agency, and state regula-
tory authorities. Many of these agreements contain
schedules and timetables for the start and finish of
cleanup activities at DOE's various sites.

Budget Constraints

While DOE's cleanup responsibilities have in-
creased, the size of the budget function for national
security, which includes the bulk of DOE's cleanup
budget, continues to decrease in real terms in the
aftermath of the Cold War. Although DOE has
received most of the cleanup funds it has requested
from the Congress, that situation could change.
Indeed, in 1994 the Congress appropriated approxi-
mately $300 million less than DOE requested for its
cleanup program. To accommodate budgets that
may no longer rise as rapidly as in the past, the
department may have to revise the priorities for its
EM program and seek more efficient means of
carrying it out.

Establishing Goals and
Priorities for the Cleanup
Program

Policymakers need to establish realistic goals and
objectives for the cleanup effort. Returning all
DOE sites to a pristine state by 2019 is clearly not
realistic, given the presence of such contaminants as

long-lived radioactive materials and substances that
persist in groundwater.

There is general agreement that DOE should
promptly eliminate imminent hazards to the public,
and DOE is moving to do so. For the remainder of
the program, however, the Congress and DOE need
to decide what to do and when to do it. They must
grapple with the question of whether DOE should
attempt to minimize all risks to human health and
the environment, regardless of cost, or whether
some amount of risk is acceptable. Moreover, they
must recognize that eliminating some risks will
inevitably increase others. For instance, transport-
ing hazardous wastes for disposal entails the risk of
a catastrophic accident. Policymakers also need to
determine the ultimate use of each site and how
quickly to restore it to an alternative use.

Understanding Risks

To make informed decisions, DOE will need better
information about the risks posed by the hazardous
substances within its complex. Polls suggest that
the public perceives hazardous waste sites to be
extremely dangerous. The negative publicity associ-
ated with Love Canal and Times Beach, for exam-
ple, help explain that concern. But two recent re-
ports published by the Environmental Protection
Agency (EPA) suggest that hazardous waste sites
rank considerably lower in risk than many other
environmental problems. In one report, experts
within EPA attempted to assess the relative risks of
a number of environmental problems, such as haz-
ardous waste sites, air pollutants, discharges of con-
taminants into drinking water, and exposure of
workers to chemicals. These technical and policy
experts ranked the problems in terms of four catego-
ries of risk: cancer risks, noncancer health risks,
ecological damage, and risk to economic welfare.
In none of the four categories did hazardous waste
sites such as those within the DOE complex rank
among the worst problems. The second report, by
EPA's Science Advisory Board, identified some
important shortcomings in the first report but did
not dispute its relative rankings of health risks.

These studies raise questions about how much
of the limited public funds available for environ-
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mental cleanup should be devoted to hazardous
waste sites such as DOE's. Both of the EPA stud-
ies emphasize, however, that their results are not
conclusive, because information about risks is lim-
ited. Better information is clearly needed so that
policymakers can make informed decisions about
how to allocate resources for cleanup activities. For
example, it would be helpful to have more defini-
tive studies regarding the long-term effects of sub-
stances found at DOE installations on the health of
the public and the environment. DOE also needs to
have a better idea of which hazardous substances
are found at its installations and whether or not they
are migrating off-site. To this end, DOE has ini-
tiated an effort to evaluate the information available
about risks to human health and the environment
and to fill the gaps in knowledge in order to de-
velop a comprehensive strategy for reducing risks.
The National Academy of Sciences is assisting with
this effort.

Only after such information is available can
DOE show that it is making the appropriate choices
based on scientific evidence and so continue to win
both Congressional and public support for its clean-
up program. This problem is not unique to DOE;
the Environmental Protection Agency and the De-
partment of Defense need similar information, and
any efforts to gather that information should there-
fore be collaborative.

Estimating Costs

To establish priorities among cleanup projects by
comparing benefits and costs, DOE must have reli-
able estimates of the cost of those efforts. The
accuracy of such estimates depends, however, on
understanding the difficulty of cleanup efforts, and
cleaning up some DOE sites involves highly com-
plex problems with which DOE has little previous
experience.

The department's ability to estimate costs
should improve as it gains more information con-
cerning the extent of the cleanup problem it faces.
As DOE performs more assessments of the contami-
nants at its installations, it will have a better idea of
the scope and seriousness of the cleanup task. Also,
as DOE gains more experience with initiating and

completing specific tasks associated with the clean-
up, it will have more cost data on which to base
subsequent cost analyses. Finally, DOE has under-
taken some initiatives to improve its ability to esti-
mate costs. They include a benchmarking initiative
to identify causes of cost growth in DOE cleanup
projects, and a performance tracking system de-
signed to monitor the cost of projects over time.

Weighing Benefits and Costs

With more information about costs and risks, DOE
can decide how to allocate funds among the various
cleanup tasks. For each site requiring cleanup,
DOE can employ benefit-cost analysis to help deter-
mine whether remediation is needed immediately,
can be delayed, or can be avoided. The analysis
should look at several factors: the cost; the benefit
in terms of reduced risk to workers, the public, and
the environment; and alternative uses of land and
facilities that are not currently available to the pub-
lic. The department could thus identify and proceed
with those tasks that, for each dollar spent, provide
the greatest benefit in terms of these criteria.

The Hanford Example. In late 1992, DOE re-
leased an analysis of the alternatives for disposing
of eight surplus reactors at the Hanford site in
Washington State. That analysis is subject to many
substantial uncertainties about costs and risks, but it
illustrates the effects of choices related to the clean-
up program.

The department considered several options:
maintaining the reactors in place indefinitely and
monitoring them to ensure safety; removing them
immediately for disposal at another Hanford loca-
tion; and removing them to the disposal location
after 75 years. It also considered whether to move
the reactor blocks intact or to dismantle them first.

DOE anticipated that the cost of removing the
reactors would be about the same regardless of
whether it was done now or many years later. In
the time leading up to removal, DOE would incur
maintenance costs, but they would be relatively
small. When future costs are discounted, however,
the savings from delaying removal of the reactors
are substantial.
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How delay would affect risks is somewhat more
complicated. Removing the reactors immediately
would entail additional exposure of workers to
higher levels of radioactive material; delaying re-
moval would lower that risk by allowing some of
the radioactive material to decay. Leaving the reac-
tors in place indefinitely, however, could expose the
population to the potential risks of radioactive con-
tamination. But even if the buildings fell into disre-
pair or were abandoned, DOE estimated that just 20
additional cancer deaths would result over a period
of 10,000 years. To put that figure in perspective,
an estimated 400,000 people will die from cancer in
1994 in the United States. Weighing all these fac-
tors, DOE opted for one-piece removal of the reac-
tors after a period of 75 years.

Similar Choices Elsewhere. Benefit-cost analyses
are not available for most DOE cleanup sites. In
many cases, DOE does not yet know the nature and
extent of contamination at its facilities, nor does it
have sufficient information to make reliable projec-
tions of risks or costs. Nonetheless, the type of
analysis performed for the Hanford reactors is a
useful tool for establishing priorities among the
department's cleanup tasks.

Involving Citizens in Setting Priorities

Weighing the benefits and costs of options for
cleaning up the DOE nuclear complex requires the
involvement of citizens affected by the cleanup,
including taxpayers, workers at the facilities, neigh-
bors whose environment is affected, and concerned
members of the public at large. They can help
evaluate the benefits of various cleanup options by
indicating how much they value them. Their prefer-
ences about risks and land use are key factors in
making trade-offs. For instance, some communities
may consider it more important to clean up a facil-
ity to a standard acceptable for industrial use-and
make it available for manufacturing jobs—than to
remove every trace of contamination. Others may
place greater value on restoring the environment to
its pristine condition. Incorporating such prefer-
ences into a benefit-cost analysis can guide deci-
sions about setting priorities and determining the
level of cleanup to be done.

DOE has stepped up efforts to increase public
involvement in establishing cleanup policies. It is
participating in an endeavor known as the Keystone
process that attempts to improve communication
between citizens and the federal agencies respon-
sible for cleaning up hazardous waste sites. Among
other things, this effort provides a forum for dis-
cussing priorities under constrained budgets.

Improving the Efficiency of
DOE's Cleanup Program

While DOE gathers information and performs the
analyses necessary to set priorities, it must also
continue to manage its ongoing cleanup efforts.
Several policy changes might make those efforts
more efficient.

Place Greater Emphasis on
Technology Development

Current methods of cleaning up contaminants,
which usually involve digging up soil or pumping
out water, are time consuming and costly, particu-
larly for pollutants that have found their way into
the groundwater. To develop techniques for charac-
terizing and cleaning up sites more quickly and
cheaply, DOE established the Technology Develop-
ment program. In its budget request for fiscal year
1995, DOE has allocated 7 percent-$426 million-
to that effort.

It may be appropriate, however, to invest even
more funds in efforts to develop cheaper means of
cleanup. DOE should add funds only for promising
technology programs-those for which the present
value of the cost savings and other benefits associ-
ated with the new technology exceed the cost to de-
velop it. DOE and other organizations have identi-
fied some programs that may meet this test. Candi-
dates include research into methods to clean up
heavy metals and techniques for removing from the
soil or groundwater those dense organic compounds
that are not soluble in water.
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New technologies may be able to make the
cleanup effort cheaper in the long run. DOE claims
that using new rather than current technologies
could reduce the costs of some cleanup activities by
as much as 80 percent. During the entire cleanup
process, savings for the whole complex could ap-
proach $100 billion from a total cost that could be
as high as $1 trillion. These estimates are, of
course, subject to great uncertainty, but their size
suggests that new technologies could have major
effects on costs.

How much additional funding for technology
development might be appropriate? A definitive
answer would require a detailed analysis of candi-
date projects, which is beyond the scope of this
study. But DOE and the Congress have both estab-
lished 10 percent of the total cleanup budget as the
goal for funding technology development. To meet
that goal at the budget levels proposed by the Ad-
ministration, DOE would have to add $200 million
to its funding for technology development in 1995
and increasing amounts each year, with $250 mil-
lion more needed in 2000. Since many of DOE's
cleanup problems are similar to problems confronted
by the Environmental Protection Agency and the
Department of Defense, some of the additional
funds might be directed to agencies other than DOE.

Regardless of which agency controls the money,
the personnel to carry out added development ef-
forts could come from a variety of places, including
DOE's national laboratories and other research
organizations whose defense funding is declining.
Any added funds provided under this option, how-
ever, should be spent on research. Of the funds
requested for technology development for 1995,
about 40 percent are earmarked for programs not
directly involved in research and development. If
development funds are increased, the Congress
could direct that all added funds be spent only on
promising projects for technology development
rather than on increases in administrative or support
costs.

Before adding funds for technology develop-
ment, the Congress may also want to direct that
DOE implement a new management system to im-
prove tracking of the costs and schedules of cleanup
projects. The new system might be patterned after

one now in place in the Department of Defense to
track major weapons programs. For each major
weapon system, the Defense Department's system
establishes four milestones, each with its own costs
and deadlines. Periodic reports compare progress
against those goals. DOE could establish a similar
system for major cleanup projects. Its milestones
might start with the designation of a new cleanup
site and extend until remedial work begins.

Delay Technically Difficult
Characterizations and Remediations

While DOE develops new technologies to perform
cleanup tasks more cheaply, the department could
delay projects that are costly and time consuming to
accomplish with current technology. Delaying these
projects would save money in the short term and, if
more efficient technology became available, could
also reduce long-term costs.

Through a detailed analysis of the Environmen-
tal Restoration program's five-year plans, the Con-
gressional Budget Office (CBO) determined that
DOE could spend as much as 30 percent of its
budget, on average, for environmental restoration
activities over the next six years on projects that
may be difficult to accomplish with current technol-
ogy. These projects include characterizing very
large sites or buried waste, cleaning up contami-
nated groundwater, remediating soil contaminated
with radioactive substances or heavy metals, and
decontaminating and decommissioning surplus
buildings.

Delaying these technically difficult projects until
more efficient technologies are available could
reduce costs substantially, but CBO cannot examine
each of these projects in detail to determine which
can be performed at reasonable cost with today's
technology. To illustrate the budgetary effect of
delaying some projects, CBO examined the impact
of reducing funding for all of the difficult projects
by 50 percent over the next six years. The resulting
savings would increase from $270 million in 1995
to $300 million in 2000. The savings could be re-
turned to the Treasury, or they could be used to
offset the added cost of increased investment in
technology development.
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DOE is proceeding with some of these difficult
tasks, even in the absence of techniques to accom-
plish them efficiently, because it is bound by many
agreements concerning the conduct of its cleanup
program. Most of these agreements contain sched-
ules and deadlines that determine when DOE must
begin cleaning up certain sites. Delaying some
projects, as envisioned in this option, would result
in the breach of some of these agreements. But
many agreements were signed in the early stages of
the cleanup, before DOE knew the extent and type
of contamination it faced. The Environmental Pro-
tection Agency, the states, and other parties to the
agreements therefore might be amenable to renegoti-
ating them if they felt that DOE was making a
good-faith effort to find better ways to address
mutual problems. Indeed, a recent renegotiation of
the agreement governing cleanup of Hanford de-
layed treatment of highly radioactive waste stored in
tanks by 10 years. DOE conceded that it could not
meet the deadlines established in the original 1989
agreement. Through renegotiation with the EPA
and state regulators, DOE established a new set of
priorities and deadlines acceptable to all parties to
the agreement.

Reduce Funding for Administration,
Support, and Management

DOE may also need to improve the efficiency of its
cleanup efforts. Since 1989, the department's Of-
fice of Environmental Restoration and Waste Man-
agement has received about $23 billion from the
Congress to spend on the cleanup program. DOE
has been severely criticized because of the small
amount of visible cleanup that has been accom-
plished. Some of the slow start reflects the diffi-
culty associated with beginning a new operation and
the need to devote substantial sums to assess the
nature and extent of cleanup problems. But DOE
may also be devoting too much of its budget to
administration and support, thus limiting the funds
available for actual cleanup work.

Several reviews of DOE's costs for cleanup
activities have concluded that EM devotes a large
proportion of its funds to administrative and support
functions. Three reviews, one by the Army Corps
of Engineers and two performed under contract to

DOE, have found that contractors charged the EM
program project overhead rates of 20 percent to 28
percent. These rates were higher than those charged
to private industry or other government agencies—in
some cases by as much as a factor of 4 and 2, re-
spectively. CBO and the Corps also found that
roughly 20 percent more of EM's funds were being
used to provide programwide support (such as pro-
gram direction) and installationwide activities (such
as security and utilities). All told, at least 40 per-
cent of EM's funds are devoted to administrative
and support activities, a level that many reviewers
have considered excessive.

One of the analyses requested by DOE recom-
mended a 7 percent reduction in the EM budget to
reduce spending for project overhead, and the Corps
recommended a 25 percent overall cut. If adminis-
trative costs were cut by 25 percent, the total EM
budget would be reduced by 10 percent, a reduction
that is toward the lower end of the range recom-
mended by the two reviews. A reduction of this
magnitude would yield savings of $630 million in
1995. Annual savings would increase to $710 mil-
lion in 2000, based on the Administration's out-year
targets for EM spending. The funds freed up by
reducing funds devoted to administration and sup-
port could be used either to reduce the deficit or to
accelerate cleanup activities.

Various studies and the Assistant Secretary for
EM, Thomas Grumbly, have suggested ways to
achieve such savings. One suggestion is to increase
the number of DOE personnel in order to provide
better oversight of DOE's large number of contrac-
tors. In the EM program alone, more than 49,000
contractor personnel are engaged in cleanup, over-
seen by fewer than 1,800 DOE personnel. Grumbly
has proposed adding 400 DOE personnel to monitor
contractors and perform some functions that are
contracted out but would be more appropriately
performed by government staff. He predicted that
increased oversight would save $360 million in
1995.

Another means of reducing administrative
spending, particularly for contractor overhead, is
through contract reform. Such reform would in-
volve changes in DOE's contracts with the firms
that manage its installations. Particularly with re-
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spect to contracts for environmental work, Crumbly
recommends limiting the time period covered by the
contracts, issuing separate environmental contracts
at those installations where production is ongoing,
and making individual contracts for some functions
such as security or road maintenance. Crumbly is
also actively pursuing this approach and predicts
savings of 10 percent to 20 percent in EM spending
on contracts-which represents the vast majority of
EM spending-over the next four years as a result of
increased oversight and contract reform combined.

Safely Maintain DOE's Surplus
Facilities

The end of the Cold War and the restrictions on
strategic arms that have resulted from international
treaties have made much of DOE's nuclear weapons
complex unnecessary. DOE could declare as many
as 7,000 of its facilities surplus in the next 30 years,
leading to their eventual decontamination and de-
commissioning. In the meantime, the EM program
is responsible for the security and maintenance of
an increasing number of surplus facilities.

In a recent report, the General Accounting Of-
fice concluded that the EM program faces problems
concerning maintenance, safety, and costs for the
disposition of its surplus facilities. Since maintain-
ing inactive facilities is not a high priority among
EM's tasks, DOE's inactive facilities are deteriorat-
ing physically. Repair projects for surplus buildings
are often deferred in favor of higher-priority work
elsewhere. As a consequence, conditions at such
buildings have violated regulations established by
DOE and the Occupational Safety and Health Ad-
ministration and have resulted in accidents among
workers.

Furthermore, DOE has engaged in some prac-
tices that can increase the cost and dangers associ-
ated with cleaning up inactive facilities. Incomplete

or substandard work performed during the shutdown
process can lead to unanticipated problems or acci-
dents during subsequent decontamination and de-
commissioning. Inadequate shutdown procedures
can also affect the cost of cleanup projects. For
example, because equipment was not cleaned when
the plutonium fuel facility at Savannah River was
put on standby in 1983, it is now so badly deterio-
rated that it can no longer be used to remove the
plutonium that remains in the facility. As a result,
DOE has estimated that an additional $115 million
will be needed to decontaminate and decommission
the facility. Had the facility initially been cleaned
adequately, subsequent higher cleanup costs could
have been avoided.

In general, the cost to maintain surplus facilities
awaiting cleanup is substantial and could grow
because of problems of the sort just noted. Increas-
ing near-term funding designed to attain safe shut-
down status at surplus facilities, thereby reducing
annual security and maintenance costs, could pro-
duce long-term savings in the DOE budget.

Conclusion

DOE's cleanup program must address a problem
created and, for the most part, ignored over the past
50 years. It must do so during a period in which
funding for all federal programs, including envi-
ronmental cleanup, is becoming increasingly tight.
Better understanding of risks and costs, brought
together by benefit-cost analyses, would be the best
means of establishing priorities for allocating scarce
cleanup funds. DOE may also be able to improve
the efficiency of its cleanup efforts by policies such
as investing more heavily in technology develop-
ment, delaying technically difficult projects, and
cutting overhead costs. New management systems
may also be necessary to permit DOE and the Con-
gress to track the performance of cleanup projects.






